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Coumarin Hybrids as Cholinesterase Inhibitors
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Abstract—Acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) are two important enzymes involved
in the breakdown of the neurotransmitter acetylcholine and other choline esters. Coumarins are biologically
active compounds naturally found in the fruit, bark, stems, and leaves of many plants, including Tonka bean, acacia,
lavender, deer tongue, apricot, strawberry, cherry, and cinnamon. Coumarin and coumarin hybrids have antitumor,
antioxidant, antiviral, anticonvulsant, anti-inflammatory, antimicrobial, and antiproliferative activity. AChE and
BuChE enzyme inhibition effects of 12 different coumarin derivatives (Ia—Ih) and (IIa—Ild) synthesized and
16 coumarin-selenophene hybrid compounds (IVa-IVh) and (Va-Vh) were investigated. Compound (Vc¢)
and (Vg) showed the most potent inhibitor activity against AChE.
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INTRODUCTION

Alzheimer’s disease is the most prevalent form of demen-
tia, a progressive, degenerative disorder that destroys
brain cells and causes memory, cognitive, and behavioral
impairments [ 1]. Alzheimer’s is a debilitating and ultima-
tely fatal condition that currently has no cure. The most
common symptom of Alzheimer’s is memory loss. This
can include difficulty remembering things that have
recently happened, difficulties with problem-solving, and
difficulty with language [2]. As the disease progresses,
these symptoms can worsen and additional symptoms can
appear, such as confusion, disorientation, difficulty with
everyday tasks, mood swings, and changes in behavior [3].
There are a number of drugs known so far that are used
for about 6—12 months to improve symptoms. In the
USA, the number of people suffering from Alzheimer’s is
expected to increase exponentially and reach 13,5 million
by 2050 [4]. In recent years, a number of potential disease-
controlling Alzheimer’s drugs have been evaluated thro-
ugh clinical trials, and many drug trials are ongoing.
However, no new drug that has not been approved by the
FDA has entered the literature since 2003 [5].

Acetylcholinesterase (AChE) is an enzyme found in
the brain, peripheral nervous system, and neuromuscular
junction that catalyzes the breakdown of acetylcholine into
choline and acetic acid. AChE is essential for the normal
functioning of the nervous system, as it prevents over-
stimulation of the nerve cells and ensures that the signals
they send are properly regulated [6]. AChE is inhibited
by a number of agents, such as organophosphates, which
cause the accumulation of acetylcholine in the nervous
system and can lead to symptoms of intoxication [7].
Several AChE inhibitor drugs are available in the market,
such as donepezil [8], galantamine [9], memantine [10],
and tacrine [11].

Butyrylcholinesterase (BuChE) is an enzyme found in
the brain, peripheral nervous system, and neuromuscular
junction that hydrolyzes choline esters, such as butyryl-
choline and acetylcholine. BuChE is an important and
vital role in nerve impulse transmission [12].

Coumarins are biologically active compounds naturally
found in the fruit, bark, stems and leaves of many plants,
including Tonka bean, acacia, lavender, deer tongue,
apricot, strawberry, cherry, and cinnamon. Coumarin and
coumarin hybrids have antitumor [ 13], antioxidant [ 14, 15],

Abbreviations: AChE, acetylcholinesterase; BuChE, butyrylcholinesterase.
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Table 1. AChE and BuChE inhibitor activity of 3-aceltycoumarins, coumarin-selenophene hybrids, 4-methylcoumarins,

selenophenes, and carbostyril-selenophenes (Ia—Vh)

AChE BuChE
Entry Compound R R, R, Ry X ICso (uM) ICso (uM)
3-Acetylcoumarins
1 (Ta) H - - - - 15.08 = 0.32 Nd
2 (Ib) 7-OCH;4 - - - - 15.13+0.2 Nd
3 (Ie) 6-Br - - - - 10.63 +0.133 133 +£1.03
4 (Id) 7-OH - - - - 24+0.221 Nd
5 (Ie) 6-NO, - - - - 22+0.131 Nd
6 (If) 6,8-Br - - - - 22.3+0.09 Nd
7 (Ig) 6-Cl1 - - - - 15.05+0.11 141£1.12
8 (Ih) 7-N(C,Hjs), — — — — 63+1.3 Nd
Coumarin-selenophene hybrids
9 (Va) H - - - - 15.15+0.21 Nd
10 (Vb) 7-OCH;4 - - - - 15.01 £ 0.66 Nd
11 (Vo) 6-Br - - - - 10.21 +0.138 139+ 0.99
12 (Vad) 7-OH - - - - 18.94+0.21 Nd
13 (Ve) 6-NO, - - - - 18.3+0.44 Nd
14 (VhH 6,8-Br - - - - 20+£0.212 Nd
15 (Vg) 6-Cl - - - - 10.41 +0.133 Nd
16 (Vh) 7-N(C,Hs), — — — — 24.18£0.135 Nd
4-Methylcoumarins
17 (ITa) — OH H - CH 18.2+0.919 Nd
18 (ITb) — CH, H - CH 18+1.21 Nd
19 (IIc) - H H - N 17.9£0.48 Nd
20 (11d) — H CH, — N 16.39+0.31 Nd
Selenophenes
21 (I1Ia) - - - H - 19.7 £ 1.09 Nd
22 (I1Ib) — — — CH, — 19.3 £0.88 Nd
Carbostyril-selenophenes
23 (Iva) - OH H H CH 14.53 +£0.45 Nd
24 (IVb) - OH H CH; CH 14.01 £0.22 Nd
25 (IVe) - CH, H H CH 13.39+0.33 Nd
26 Iva) - CH; H CH; CH 13 +0.02 Nd
27 (IVe) - H H H N 14.41+0.32 Nd
28 (Ive) - H H CH; N 13.56 = 0.41 Nd
29 (Iveg) - H CH, H N 12.64 +£0.91 148.3 £2.1
30 (IVh) — H CH, CH, N 11+£0.212 140.3+ 1.8
Reference substance
31 |  Tacrin | — | - — — -] 41 | 16.3

antiviral [16, 17] , anticonvulsant [18], anti-inflamma-
tory [19, 20], antimicrobial [21, 23], and antiprolife-
rative activity [14, 15]. It has been shown that hybrid
compounds formed by combining coumarin compounds
with various molecules exhibited increased biological
activity [14].

In this study, acetylcholinesterase and butyrylcholine-
sterase enzyme inhibition effects of 12 different coumarin

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol

derivatives (Ia—Ih) and (Ila-IId) synthesized and
16 coumarin-selenophene hybrid compounds (IVa—IVh)
and (Va—Vh) were investigated.

RESULTS AND DISCUSSION

The mechanism and treatment methods of Alzheimer’s,
which is called the disease of our age, are still not fully
determined. Therefore, studies on the synthesis and
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Scheme 1. The most active compounds.

development of cholinesterase inhibitors are important.
For this purpose, AChE and BuChE enzyme inhibition
activities of synthesized hybrid compounds and selenophene
and coumarin compounds used as intermediates in the
synthesis of these compounds were tested.

AChE enzyme inhibitor activity of 3-acetylcoumarin
derivatives (Ia—Ih) obtained by Knoevenagel condensation
reaction are in the range of [C5,=10.63 £0.13 - 63 £ 1.
Among these compounds, the highest activity was
obtained in compound (I¢) with —Br substituent at C-6
in the coumarin ring. (ICs,=10.63 + 0.13; Table 1). In
case of —Cl substituent at C-6, IC5,=15.05+0.11. In the
presence of substituents such as -OH and —N(C,Hj), at
C-7, the IC values were the lowest among the coumarins
(24 £0.22 and 63 * 1, respectively).

AChE inhibitor activity of 4-methylcoumarin com-
pounds (IIa-d) synthesized by the Pechmann reaction
are better than 3-acetylcoumarins (in the range of
IC5y=16.39+0.31-18.2+0.92). Among these compounds,
pyridine derivatives (Il¢) and (I1d) show better activity
than benzene derivatives (Ila) and (IIb). The AChE
inhibition of selenophene derivatives obtained by the
Gewald reaction (IIIa—IIIb) was similar (IC5,=19.3+£0.88
and 19.7 £ 1.10). Among these compounds, the presence
of —CHj; group on R, in the selenophene ring showed
better activity than the —H substituent on the same carbon.

ACHhE inhibition values of coumarin-selenophene hybrid
compounds synthesized from 3-acetylcoumarin (Va—Vh)
are in the range of ICs, = 10.21 + 0.14-24.18 + 0.14.
Among the 3-acetylcoumarin compounds, (Ic) and (Ig)
showed the most potent inhibitor activity. Moreover,
their hybrids form (Ve) and (Vg) were also exhibited as
the most active compounds. In addition, compound (Ve¢)
has the best inhibition value among all tested compounds
against AChE (IC5y = 10.21 + 0.14). 1h compound,
which is the least active among the 3-acetylcoumarin
compounds, was synthesized the coumarin-selenophene
hybrid, a significant increase in AChE activity was
determined (Table 1).

New carbostyryl-selenophene hybrid compounds (IVa—
IVh) were obtained by reacting 4-methylcoumarin deriva-
tives obtained by Pechmann reaction with selenophene
compounds obtained by Gewald reaction. AChE inhibi-
tion values of these compounds are examined, it can
be said that they show a much better inhibition effect
than their constituents coumarin and selenophene
(IC59=11 £0.21-14.53 £ 0.45). Among these hybrids,
(IVg) and (IVh) hybrids obtained by the reaction of (I1d)
coumarin compound with (IIla) and (IT1Ib) selenophene
derivatives showed the best activity (Table 1). Most
active compounds are shown in Scheme 1. In this study,
the BuChE inhibitory effect of the synthesized molecules
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Scheme 2. AChE and BuChE inhibition activity of tested compounds.

was also investigated. However, the BuChE inhibitory
activity of these molecules was found to be lower or not
active at all than Tacrin (IC5, = 16.3 uM).

EXPERIMENTAL

In this study, AChE and BuChE inhibition activities
of 12 coumarin derivatives (Ia—Ih) and (ITa-IId),
2-selenophene derivatives (I11a—IIIb) and 16 coumarin-
selenophene hybrid compounds (IVa—IVh) and (Va—
Vh) were investigated (Scheme 2). The structures of
all synthesized compounds were elucidated by FT-IR,
'"H NMR and '3C NMR methods. Spectral data of
compounds are given in the supplementary information.

AChE/BChE enzyme activity. AChE and BuChE
enzyme were purchased from Sigma-Aldrich. Choline-
sterases catalyze the breakdown reaction of acetylcholine
to thiocholine and acetate. The principle of the study is

based on measuring the absorption of the reaction product
at 412 nm with a spectrophotometer [24].

CONCLUSIONS

AChE and BuChE enzyme inhibition tests of couma-
rin, selenophene and coumarin-selenophene hybrid
compounds were performed. Active coumarin or coumarin
hybrid compounds were synthesized, the presence of
substituents such as —Br, —Cl at C-6 increased AChE
inhibition. In the presence of substituents such as —OH and
—N(C,Hs), at C-7, the AChE inhibition of the compound
was reduced. Synthesis of 4-methylcoumarin derivatives
to be synthesized by Pechmann reaction with pyridine
derivatives containing —OH groups increased inhibition.
Among coumarins, 3-acetylcoumarin derivatives sho-
wed better AChE inhibition than Pechmann coumarin
derivatives. In 3-acetylcoumarin-selenophene hybrid

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 49 No. 5 2023
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compounds, AChE inhibition is increased in the presence
of —Br and —Cl substituents at C-6 in the coumarin ring.
In the case of R, methyl substituent in selenophene
derivatives, a more active compound is obtained than if it
is hydrogen. Among all compounds, carbostyryl-seleno-
phene hybrid compounds showed better AChE inhibi-
tion activity. In general, hybrid compounds are more
active than the starting compounds. It is possible to obtain
more active compounds with new research on carbostyryl-
selenophene derivatives. In future studies, it may be
possible to use especially Coumarin-selenophene hybrids
(Ve) and (Vg) and carbostyryl-selenophene derivatives
(IVa—IVh) in Alzheimer’s research and to modify these
compounds.
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